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Canadian economyEvidence suggests that the Canadian economy is over-shadowed with lagging productivity growth and that its
innovation strategy lacks a market-oriented focus; and is unbalanced and biased. We study this problem with
the aid of a dynamic general equilibrium model driven by analytics of endogenous growth and investigate the
viable policy options and assess the interactions between knowledge driven growth, acquisition of human capi-
tal, and the role of strategic public policy for the Canadian economy.We study alternative public policies aimed at
fostering the development of human capital (investment in education) and those at enhancing investments in
innovation. Based on the re-allocation effects triggered by public subsidization policies on higher education ver-
sus industry/business R&D, our results corroborate that Canadian economy is falling short of its potential in (busi-
ness) technological innovation. Our analyses further imply that the most welfare enhancing policy is to have a
complementary mix of education and R&D subsidization designed to avoid the trade-offs that emerge in the
short run.
© 2015 Elsevier B.V. All rights reserved.1. Introduction
In the face of accumulating evidence that Canada is lagging behind in
productivity growth, there is a growing concern that its innovation
strategy lacks market-oriented focus. It is argued that its aggregate na-
tional output remains lower than its potential, and that Canada is
over-investing in education and under-investing in R&D, business R&D
in particular. This asymmetry is highlighted in Cook (2008:1) who
claimed, for instance, that “Canada's innovation strategy is unbalanced
and biased; focused on technology-push, overlooking…market-led innova-
tion”. McFetridge (2008:2) in turn argues that “Canada's disappointing
record is due, in part, to a lack of innovation in the business sector of the
economy”, and criticizes that this had been “a recurring theme… for
more than forty years”.evelopment Canada (9214-09-
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yeldane@bilkent.edu.trStatistics Canada (2007) further reports that Canada's rate of growth
of labor productivity has been lower than that of the United States over
the last quarter of the last century, and that the gap seems to be widen-
ing. Sharpe (2007:21) has made an even stronger case arguing that
“over 2000 to 2006, Canada's labor productivity growth in its manufactur-
ing was only one-tenth of that witnessed in the US”.
Conventional analysis suggests that the reason of this gap can be
two-fold:
(1) diminishing returns to investments in physical capital, which is a
well-known factor embedded in the traditional neoclassical para-
digm; (2) slow rate of growth in technological innovation.
However, the Canadian reality signifies yet another mix: impedi-
ments to innovation; or rather, the widening gap between advances in
pure sciences and commercialization of the fruits of this researchwithin
a balanced innovation system that is inclusive of a market-led, pull-
innovation framework. Cook (2008:5) concludes for instance, that
“Canada's innovation system has been disproportionately focused on fun-
damental research for nearly a century”, and that, “recent innovation strat-
egies have resulted in substantial increases in push-innovation funding;
however, commercialization results have been disappointing and Canada
is not considered an innovation leader”. A natural issue of concern in
bridging the aforementioned gap between the push and pull attributes
of innovation is education and training of the research personnel, that
is, the pace of human capital formation. This was highlighted in Expert
1 Applied work analyzing alternative growth promoting policies either through R&D or
education based endogenous growth models within advanced country settings also in-
clude Diao et al (1999), Bye et al (2009) and Mattalia (2012).
2 State of the Nation (2008, 2010, 2012).
299E. Voyvoda, E. Yeldan / Economic Modelling 50 (2015) 298–309Panel on Commercialization (2006) where, amongmany sets of recom-
mendations, the Panel explicitly called for “new or expanded fellowship
programs to employ undergraduate, graduate and postdoctoral students
and recent graduates in the business sector”; and“a commercialization
superfund to support research and training in university and nonpropri-
etary laboratories in areas of research in which Canada could become a
market leader.”
Given these discussions, in this paper we ask what can be done to
boost and manage Canada's productivity growth. Recent advances in
the “new growth theory” identify and emphasize the roles of R&D activi-
ties and accumulation of human capital as the key determinants in
explaining disparity across countries in income per capita, productivity,
and the rate of growth. Investment in education directly stimulates the
productivity of the labor force, and thus provides significant externalities
for growth. Similarly, R&D activities conducted by both private and public
sector raise the available knowledge stock and elicit capital accumulation.
Thus, economic growth is fed fromtwo sourceswhichnourish eachother:
investments in education and R&D capital accumulation.
The crucial roles attributed to R&D activities and accumulation of
human capital in explaining economic growth have led to construction
of economicmodels which allow for sustained, boundless growth of per
capita income, where long run performance depends on structural pa-
rameters and domestic and foreign fiscal policies. In this literature, a
branch studied capital accumulation, which became a broader concept
with the inclusion of human capital, as the engine of growth (Jones
andManuelli, 1990; King and Rebelo;, 1993; Rebelo, 1991). Another ap-
proach attributed a leading role to externalities in growth process. Each
firm's physical (Arrow, 1962) and human (Lucas, 1988) capital invest-
ment unintendedly contributes to the productivity of other firms' capi-
tals. Pioneered by Romer (1990), Grossman and Helpman (1991,1994),
Aghion and Howitt (1997), a third approach focused on economic
growth triggered by technological development and adoption of new
technologies.
The newgrowth literature that followed the paths of the abovemen-
tioned literature, developedmodels that attempt to reconcile Romerian/
Krugmanesque R&D-driven growth along with Lucasian human capital
formation in which private industrial development, capital variety pro-
duction, and technical skill dispersion lead to growth, given the impor-
tance of representation of knowledge-led economic conditions (Arnold,
1998; Dalgaard and Kreiner, 2001; Riberio-Thompson, 2000). Based on
these hypotheses, models with joint consideration of human capital ac-
cumulation and endogenous technology contested the standardmodels
of the literature where (steady-state) growth rate is only dependent on
human capital variable(s) and their structural parameters, and showed
that (steady-state) growth paths would also be affected by the level of
innovative activities (Sequeira, 2008, 2011; Zeng, 2003).
Such contributions bring the issues of innovation, R&D production,
human capital formation and optimal design of public policies that take
into account the simultaneous interaction among the mechanisms that
contribute to the generation of economic growth to the forefront of anal-
ysis. Zeng (2003), utilizing a model with innovations, physical, and
human capital, studies the impact of government policies on long-run
growth and shows that long-run growth rate is responsive to the choice
of government taxes and subsidies. Similarly, Hagedorn et al. (2003), in
a model of endogenous growth with a combination of physical and
human capital, and R&D based technology accumulation calibrated to
the US economy, investigate Ramsey-optimal taxation regimes and indi-
cate that a government policy designed to lower the cost of financing
for R&D firms would help induce a higher level of private R&D and a
higher path of growth. Grossman (2007) in a two-period OLG model in
which the young agent decides to devote time to increase (specialized)
skill level or to remain unskilled, compares the growth implications of
R&D subsidy to firms with a publicly provided education targeted to the
development of (specialized) science and engineering skills. In a different
setting, Agénor (2012) sets up an overlapping generations endogenous
growth model with interactions between public capital, human capitaland innovation, and emphasizes the trade-offs involved in the allocation
of public spending to R&D subsidies. Gomez and Sequeira (2014), in a re-
cent paper present a model of R&D, human capital, and physical capital
with creative destruction. The model is calibrated to US economy and
intertemporally budget-neutral policies are compared. The authors
show that subsidies to R&D are most welfare increasing when the main
target is to keep the intertemporal budget balance.
Following these theoretical and empirical contributions, the main
purpose of this study is to analytically investigate and assess the in-
teractions between knowledge driven growth, acquisition of human
capital, and the role of strategic public policy for the Canadian econ-
omywithin the context of a general equilibrium, endogenous growth
model. To this end, we investigate alternative public policies aimed
at fostering the development of human capital (such as investments
in education and learning) and those at enhancing total factor pro-
ductivity through investments in innovation (such as subsidies to
R&D); and study the impact of various public policies on patterns
of growth, along with their likely consequences from the points of
view of per capita income growth, social welfare, burden to govern-
ment budget and economic efficiency.
We calibrate the model to the real macroeconomic data of
the “Canadian economy” and solve both for the transition and the
steady-state path of the economic variables under an inter-temporal
general equilibrium setting. With the aid of our analytical structure,
we focus on the innovation/R&D- and human capital-driven patterns
of growth from a macroeconomic perspective. To this end, and briefly
within the specifics of our model, we organize this study around the
most conducive questions concerningpublic subsidization policy for en-
hancing growth and social welfare: promotion of human capital forma-
tion through subsidies to education expenditures or promotion of
industry/business R&D through (direct) subsidies to R&D investment
and the role of re-allocation effects on human capital triggered by
such policies.
We also explicitlymodel the government accounts to be able to have
a well-defined platform to compare the effects of alternative scenarios
on the key variables of the macro economy. Calibrated to the Canadian
macro data, the model associates and extends the frameworks of R&D
based endogenous growth models (Ghosh, 2007; Russo, 2004) and
education based endogenous growth models (Annabi et al., 2011) in
analyzing alternative policies to promote growth within the Canadian
context.1
Remaining pages of this paper are designed in five sections. In the sec-
ond section, we present R&D and human capital data, and provide a syn-
opsis on the characteristics of the innovation-driven growth prospects for
the Canadian economy. Analytical and algebraic set up of the model is
presented in the third section, while policy analyses are conducted in sec-
tion four. In the fifth sectionwe summarize themainfindings of the study
and conclude. The data set and calibration strategy of the algebraicmodel
are narrated in detail in a separate Appendix A.
2. Growth with respect to R&D and human capital accumulation in
the Canadian economy: facts and figures
Concerns over promotion of R&D and innovation-led growth are
currently at the center stage of public policy debates in Canada. Based
on the comparative OECD data, reports by Science, Technology and In-
novation Council2 emphasize, for instance, that the Canadian economy
has been in a “low ranking” position in terms of performance in R&D
in general; but especially reveals “low ranking” status in areas such
as industry/business expenditure on R&D, percentage of total R&D
6 Externality effect from R&D to human capital has been touched upon in literature by
Eicher (1996) and Keller (1996). Frantzen (2000), based on the theoretical developments
on innovation-driven growth and the discussions about the complementarity between
human capital and R&D, compiles data from 21 OECD economies for the period 1960 to
300 E. Voyvoda, E. Yeldan / Economic Modelling 50 (2015) 298–309performed by industry/business and industry/business investment in
machinery and equipment (Table 1). On the other hand, Canada has
been within the “high ranking” group in basic research performance,
R&D conducted by universities, and education level of its workforce
(but with “low ranking” in the number of advanced degree graduates
in the industry/business category).
Table 1 reveals that, according to the data compiled from OECD,
Canada's Gross Expenditures on R&D (GERD) to GDP ratio lied on aver-
age at 1.95% in 2003–2009 period.3 This ratiowas higher than the EU-15
average, but fell behind that of the OECD. Yet, the GERD/GDP ratio for
Canada has been decreasing since then from a level of 1.99% in 2003,
1.92% in 2009, and 1.62% in 2013. In contrast, the GERD/GDP ratio for
the EU-15 has been increasing steadily to reach to 2.00% in 2009 and
2.07% in 2013. These outcomes were realized despite the clear inten-
tions and a targeted focus that was laid in the Innovation Strategy doc-
ument that was laid out as early as 2002, aiming at “to move Canada to
the front ranks of the world's most innovative industries”.
What turns out to be noteworthy in terms of the discussion on the
Canadian growth path is that, compared to the OECD and the EU-15 av-
erages, the share of Industry/business sector in both total R&D expendi-
tures (BERD/Total R&D Exp.), and in total R&D production (R&D
performed by industry-business/ total R&D Performed) is comparably
low. With reference to studies that emphasize the role of the increased
BERD intensity on growth,4 most commentators interpret that such
lower numbers contribute to lower innovation activity, lower R&D
levels, lower investment in machinery and equipment, and “lower
than potential” performance of the Canadian economy (Stewart,
2011). On patterns of business innovation, Therrien and Mohnen
(2003) report that, in comparison to firms in France, Germany, Spain,
and Ireland, Canadian firms display comparably success in innovation
and yet, derive a smaller fraction of their sales-revenue from these inno-
vations. Similar concerns are resonated in Banerjee and Robson (2007)
and in the 2006 Report of the Institute for Competitiveness and Prosper-
ity (2006:33)whichdocument that in comparison to theUS, Canadahas
lower levels of investment expenditures in the information and com-
munication technology sectors.
One other major point to note in Table 1 is that the percentage of
R&D financed by government has been comparably high in Canada. It
is also worth emphasizing that, not only the government support to In-
dustry/business R&D is high, but government itself is a major producer
of R&D, especially if one takes into account the R&D produced by Higher
Education sector (Table 2).5 The average percentage of R&D undertaken
by the Higher Education sector in Canada over 2003–2009 was 34.19%
and has increased to 38.21% in 2010–13. This level is almost 20 percent-
age points higher than the OECD average and 15 percentage points
higher than the EU-15 average for 2010–13 period. Similarly, over
2005–2008 period, Canada's government funding to industry/business
R&D was higher than that of US, and in 2008, it was the second highest
among the OECD countries (Table 2).
Finally, it should be highlighted that Canada has been identifiedwith
having one of the best educated workforces in the world and has been
leading the OECD economies in those aged 25–64 who have completed
some form of education. However, it has also been noted that despite
this first ranking in educated labor force, the employment of high-
quality labor in Industry/business sector is relatively low. In contrast
to this achievement, it is estimated that only 24% of the Canadianwork-
ing age population holds a university degree. This rate lags 10 percent-
age points behind that of the US (Munroe-Blum andMacKinnon, 2009).3 OECD Main Science and Technology Indicators Database.
4 OECD (2003) estimates that an increase in the BERD intensity of 0.1% raises the real
output per capital by 1.2%.
5 From thepoint of viewof themodel setup here, one should note thatmost universities
engaged in R&D are publicly funded and overseen by federal, provincial or local govern-
ment in Canada.3. Model structure
The model is a direct application of the recent advances in the new
growth theory, and is built on the complementarities between R&D-
driven technological change and human capital acquisition. It simulates
the “production–generation of income- and demand” components of
thenational economyundermarket constraints in a general equilibrium
context. In the model four production industries, labor markets that
consist of skilled (human capital) and unskilled (plain) labor force,
and private and public sector balances are decomposed by means of al-
gebraic equations. Industrial production increases with expansion of
(intermediate) capital varieties. Such expansion is the end result of
knowledge capital (R&D). Knowledge capital investments are per-
formed by oligopolistic entities and oligopolistic profits are used to fi-
nance R&D investments. In the meantime, fixed costs enable
increasing returns to scale in expansion of capital varieties and allow
growth process to be sustained endogenously.
Furthermore, accumulation of knowledge capital depends on the
production of human capital. Following Sequeira (2008, 2011), accumu-
lation of human capital is solved endogenously by inter-household dy-
namic inter-temporal consumption optimization behavior; and
nourished by externality effects of both R&D production and public ex-
penditures on education.6 Thus, threemain forces that affect the path of
economic growth emerge: knowledge capital accumulation, human
capital accumulation, and intensity of public expenditures that affect
the pace of accumulation of both of these factors.While thefirst two de-
pend on rational optimization behavior of private investors under mar-
ket constraints, the last one is determined by government policy to
provide stimulus to R&D and education (human capital) investments.
The model is presented in more detail in five sub-sections, starting
with the final output production, concluding with the conditions for
equilibrium and discussion of the macroeconomic identities.
3.1. Production activities
The economic structure accommodates four activities in the aggre-
gate, three of which are production activities: (i) production of a final
good, Y; (ii) production of capital input varieties, k(i) to be used as in-
puts in the production of Y; and (iii) production of R&D (blueprints,
ideas, etc..). A final activity further entails education services (human
capital formation).
Final output is produced using plain labor, LY, human capital (skilled
labor), HY, and differentiated capital varieties as inputs:





kt ið Þαk ð1Þ
with αL + αH + αk = 1.0 to impose constant returns to scale on Y. All
differentiated capital varieties are of equal quantity and are valued
equally. They are produced by symmetric firmswhere each capital vari-
ety is produced by a single monopolistic firm. That is, kt(i) = kt for all
i = 1, …, At. Therefore, we have at any moment, ∑
At
i¼1ktðiÞαk ¼ Atkαkt .1990s and estimates (productivity) growth. His estimates indicate significant influence
of R&D (both in growth and in level terms) and also a strong interaction between human
capital and the catch-up process. Galor (2005) also emphasizes the idea of technology
complementing with skills in the production of human capital or contact with technology
through accumulated human capital. As a theoretical contribution, unlike the standard en-
dogenous growthmodels where the steady state growth rate is not affected by the level of
innovative activities but solely on human capital variables, the model of learning with
existing knowledge generates a steady state growth rate affected by the level of R&D (rel-
ative to the level of human capital stock) in the economy. See Section 3.5 for further
derivations.
Table 1
Selected research and development statistics (2003–09, 2010–13a Avg.).
Canada USA OECD Avg. EU-15
2003–09 2010–13 2003–09 2010–13 2003–09 2010–13 2003–09 2010–13
Research and development — expenditures
R&D expenditures/GDP (%) 1.95 1.74 2.62 2.77 2.21 2.35 1.85 2.04
R&D expenditures by Gov./GDP (%) 0.63 0.60 0.80 0.87 0.66 0.70 0.63 0.68
% R&D financed by industry 49.74 47.30 63.26 58.30 62.12 59.56 54.69 55.11
% R&D financed by government 32.27 34.69 30.74 31.52 29.75 30.15 34.21 33.52
Research and development — production
% R&D performed by industry/businesses 55.64 51.60 69.60 68.82 67.93 67.52 63.35 63.39
% R&D performed by government 9.69 9.73 12.12 12.53 11.82 11.71 12.73 12.07
% R&D performed by higher educ. 34.19 38.21 13.98 14.37 17.67 18.22 22.80 23.45
Research and development — employment
% Researchers working in businesses 62.34 58.63 69.86 67.59 59.81 59.14 48.69 48.37
% Researchers working in Government 6.20 6.32 – – – – 12.04 12.58
% Researchers working in Higher Educ. 31.46 35.05 – – – – 39.27 39.05
Source: OECD Main Science and Technology Indicators.
a Depending on data availability.
Table 2
Spending and performance of research and development, Canada, 2012 (million of current dollars).
Sources of funds Performance of R&D
Industry/business ent. Government Higher education Other Total
Industry/business ent. 13,784 61 980 8 14,833
Government 644 2840 7157 103 10,744
Higher education – – 2687 – 2687
Other 1725 – 1276 871 3872
(Priv. non-profit, foreign etc.)
Total 16,153 2901 12,100 982 32,136
Source: Statistics Canada-Science Statistics, OECD Main Science and Technology Indicators.
301E. Voyvoda, E. Yeldan / Economic Modelling 50 (2015) 298–309The utilization of plain “labor”, on the other hand, follows the now clas-
sic convention of Romer (1990) wherein it basically acts as a “shifter”
and an instrument to ensure convexity of the production technology
(as a fixed endowment).7
Hence theY-sector uses LY,HY, and a series of inputs {k1… kA};where
{A} is the index of varieties of capital inputs available to this economy.
As new research is conducted, the index set {A} expands. Following
Funke and Strulik (2000) and Sequeira (2008) this is achieved in the
R&D sector as follows:
Atþ1−At ¼ φHAt : ð2Þ
New research is generated solely by human capital allocated to the
production of new ideas (research personnel),HA and excludes decreas-
ing returns aswell as the scale effects of A.8 The research productivity of
each researcher is a factor φ N 0. In what follows, an additional driving
source of this economy is the rate of human capital formulation:
Htþ1−Ht ¼ ξHHt þ γHϵtA1−ϵt : ð3Þ
In Eq. (3) human capital is a non-market activity and is thought to be
“produced” via human capital allocated to education, HH, and existing
stock of ideas A. Past accumulation of human capital is also necessary
to generate further human capital.
Generation of H is the end-result of human capital devoted to
schooling (ξHH) choice by households where the parameter ξ acts as
the productivity of schooling and sets the incentive to spend time in ed-
ucation. The second term on the right hand side is a composite of the7 Here plain labor shouldn't be regarded as a substitute to the formation of the HY. Plain
labor simply refers to a fixed supply of a given amalgam of factors that are not cumulative
in the model, and are considered exogenous. As such, human capital ought to be regarded
completely independent from the availability of LY.
8 Such a specification rather than the more general form At + 1 − At = φHtAAt as in
Romer (1990), where the R&D production function admits positive externalities through
past research, helps to ensure the steady state.stock of human capital and the existing knowledge (ideas) in the econ-
omy. This effect is driven by a productivity parameter, γ, which mea-
sures the relative importance of “learning with existing knowledge”.
The elasticity parameter ϵ measures the intensity of human capital to
capture the existing knowledge.
As human capital expands, researchworkers keep on producingnew










and remains constant under steady state when the share of human cap-




, stabilizes. So, defining Ht + 1/Ht =








At the balanced growth path, gtH is constant as long as the ratio of
total available number of ideas to the stock human capital remain
fixed. These formulations further necessitate that a steady state solution
with a constant rate of growth requires a constant allocation of Ht along
its components. Hence, under long run equilibrium, infinitely-lived peo-
ple will dedicate in each period a constant amount of time-share be-
tween working and schooling.
The final good sector works under perfectly competitive conditions.
The producer hires both types of labor and the capital varieties up to the
point where the value of the marginal product of each factor is equated
to its wage and rental costs, respectively. Therefore, labor is demanded
according to wtL = PtY∂Yt/∂LtY. Human capital demand is similar with
wHt ¼ PYt ∂Yt∂HYt .
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kt ið Þαk−1 i ¼ 1;…;At : ð6Þ
Finally, in the R&D sector, given public subsidies on R&D costs, human
capital is demanded so as to satisfy its marginal productivity condition:9
wHt ¼ PAt φ ð7Þ
Note that, competitive conditions in factor markets necessitate that
wage costs of human capital are equated across its uses in the R&D sector
and in the final good production sector. Thus, wtH = PtAφ= PtYαHYt/HtY.
3.2. Differentiated capital and investment decision
“Capital” is modeled here as a heterogeneous input which accumu-
lates by the varieties, k(i). The intermediate firm purchases ‘blueprints’
(the technological knowledge generated in theR&Dsector) and according
to the instructions therein, produces a new capital variety. The number of
new capital varieties produced at period t is equal to the number of new
blueprints produced in the same period, At. Ignoring depreciation, the
number of accumulated capital varieties in the economy at time t is
equal to the number of blueprints available in the economy. Each new
capital input k(i) is produced by using real resources at a constant ratio,
η, where η acts as the ‘input–output coefficient’ to produce one unit of
k(i). Costs of η is the rental price, r — the interest rate in this economy.
Now, observe that as the intermediate producer has purchased the
R&D blueprints, these research costs totaling PtA, have to be borne
up-front by the intermediate capital variety firm. Thus, the expression
Pt
AΔAt becomes thefixed costs of production of kt(i), and leads to increas-
ing returns in its production. Since the i-th firm has monopoly rights in
the production of kt(i), it acts monopolistically in the capital goods mar-
ket. Taking the demand function for kt(i) from the final good producer
(6) as given, each monopolist seeks to maximize the monopoly profits:
max
kt ið Þ
πt ið Þ ¼ pkt ið Þkt ið Þ−ηrtkt ið Þ−PAt ΔAt : ð8Þ
The solution of (8) reveals that the profit maximizing price ptk(i) is
given by a ‘mark-up’ over the marginal costs, ηrt. Using the demand
for kt(i) from the final good producer's decision we have the following









kt ið Þαk−1 ¼ ηrt :
Therefore, optimal quantity of the capital variety is set via:

















As common in the R&D-driven endogenous growth models, the size
of the monopolistic mark-up for each capital variety producer is 1/αk
over the marginal costs (ηrt):




Since all firms are symmetric and they all set the same price
(Eq. (10)), to sell their respective capital varieties we will set ptk(i) =
pt
k and kt(i) = kt, ∀ i. Under these conditions the maximum profit is
expressed as:





subsidy rate to accumulate human capital in the R&D sector.Since rt ¼ αkp
k
t
η from above, we can express maximum profit of the
monopolists as:
πmaxt ktð Þ ¼ 1−αkð Þpkt kt : ð12Þ
The monopoly firms have a forward-looking behavior. That is, they
make investment decisions on developing new blueprints and produc-
ing new capital varieties so as to maximize the long-run expected
returns from an infinite stream of monopoly profits. In particular, the
expected returns from investment must be comparable with those
from holding a “safe” asset such as bonds or bank deposits. Thus, asset
market equilibrium requires, for any point in time, that the following
non-arbitrage condition holds:
πt þ P At −P At−1
 
¼ rtP At−1
where the term (PtA − Pt − 1A ) denotes changes in the valorization of the
i− th firm over time. In equilibrium, the value of the firm is equal to ag-
gregate investment expenditures, which includes the cost of developing
a newblueprint (PtA), plus thematerial costs of investment goods. Impo-
sition of the transversality condition to rule out speculative bubbles




The above no-arbitrage condition can also be expressed more suc-
cinctly as:
1þ rtð ÞP At−1 ¼ πt þ PAt : ð13Þ
Finally, note that investment expenditures in this model are des-
tined for two purposes: generating new research, and producing new
capital varieties:
IDt ¼ η Atþ1−Atð Þkt þ ktþ1−ktð ÞAt½ : ð14Þ
3.3. Consumption, saving and human capital accumulation decisions
Households are endowed with human capital, Ht each period, and
decide to allocate it among three uses, final good production, knowl-
edge production and further human capital formation:
Ht ¼ HYt þ HHt þ HAt ð15Þ
where (Ht − HtY) is associated with a wage ratewtH and HtH may be sub-
sidized through sHwtH, with sH N 0. The representative household maxi-











R tð ÞPCt ct ¼ TW0
Htþ1−Ht ¼ ξHHt þ γHϵt A1−ϵt
with control variables ct N 0 and HtH ≥ 0. Here, TW0 is the total wealth,
which includes the present value of period-wise income. YtH = (1 − tY)
[wtH(Ht − HtH) + sHwtHHtH + wtLLtY + ptkktAt] is the private household dis-
posable income composed of returns to primary factors of production
and the value of monopoly firms of capital variety.10 That is, the value of the monopoly firm is equal to the discounted value of
the stream of monopoly profits, where R(t) is a discount factor defined according
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tion problem above are twofold:
















The first condition above is the discrete version of the standard Ram-
sey rule. The second equation implies that the growth rate of wages
must be sufficiently high enough compared to the interest rate to ensure











. The rate of growth of PtA
above is narrated in theno-arbitrage condition (13). Inserting in the equa-










1−sHð Þ þ 1þ γϵ
Htþ1
Atþ1
  1−ϵð Þ !
: ð19Þ
Now assume that we denote the share of Ht allocated to final goods
production, HtY as utY. The equation above should provide the value of
ut + 1
Y , given Ht + 1/At + 1 which is critical in terms of the allocation of
human capital to different sectors of the economy. It also implies
ut + 1
Y = uY at the steady state.
3.4. Export and import functions and balance of payments
The representative final good producer has the following production
possibility boundary between exports, Et and domestic sales, DCt (the
constant elasticity of transformation — CET frontier):
Xt ¼ ZX νE 1þσð Þ=σt þ 1−νð ÞDC 1þσð Þ=σt
 σ= 1þσð Þ
: ð20Þ












Import decisions are derived from the Armingtonian composite
commodity specification, where importsMt, and domestic good, DCt
CCt ¼ ZCC κM ψ−1ð Þ=ψt þ 1−κð ÞDC ψ−1ð Þ=ψt
 ψ= ψ−1ð Þ
: ð22Þ












where PtM = (1+ tm)PtWMand PtE = PtWE with tm representing tariff rate
at period t. We assume that the economy has balanced trade in each time
period.
3.5. National income identities and equilibrium growth
Intra-temporal equilibrium requires that at each time period,
(i) demand for primary factors (LY, HA, HY) equals their respective
supplies; (ii) human capital allocation among final good production, Y,
R&Dproduction,ΔA, and education,ΔH exhausts its total supply; (iii) do-
mestic demandplus export demand for the output of each sector equal its
supply; (iv) the output of R&D, that is the number of new blueprints,
equals to the number of newcapital varieties invested; (v) household sav-
ings equal investment— costs of new blueprints plus costs of investmentgoods in capital variety production; (vi) the value of total exports equals
to the value of total imports; and (vii) the government budget is satisfied.
Gross domestic product (GDP) at factor cost (exclusive of production
taxes) is the sum of value added of the final good, human capital expen-
ditures, and the R&D sectors:
GDPt ¼ PYt Yt þ P At ΔAt ð24Þ









pkt ðiÞktðiÞ ¼ pkt Atkt, which in turnwill be equal toαkPtYYt, the
identity in Eq. (25) can also be written as:
pkt At  kt ¼ αk GDPt−PAt ΔAt
 
:
Furthermore, using the definition of profits from Eq. (12), the GDP
identity can also be written as:
PYt Yt þ PAt ΔAt ¼ wLt LYt þwHt HYt þ HAt
 
þ At π1−αkð Þ
: ð26Þ
In the steady state equilibrium all quantity variables grow at a con-
stant rate which is proportional to the growth rate of human capital for-
mation. All prices, including prices for final goods produced and
consumed domestically, the unit cost of the R&D output, differential cap-
ital varieties, and the interest rate grow at a constant rate in the steady
state. Also, the allocation of Ht among its uses will be constant; hence,
given HtY = uYHt, HtA = uAHt and HtH = uHHt, with uA + uH + uY = 1.
Based on these specifications, the growth rates gtH and gtA imply that at
steady state Ht/At is constant. Combining the definitions of gtH and gtA, we
have gH = gA at the steady state.
Perfect labormobility implies thatwtH in R&D sector is the same as the
wt
















Since we now have the solution for PtA above, we can also derive the
growth rate PtA at the steady state as:
1þ gPA
 
¼ 1þ gH  αH1−αk : ð28Þ
Finally, sinceYt ¼ AYLYαLt HYαHt ∑Ati¼0ktðiÞαk, we have the following re-
lationship between the rate of growth of output and the rate of growth
of human capital at the steady state as:
1þ gY  ¼ 1þ gH 1þαH−αk1−αk :
4. Dynamic effects of the selected public policies to promote growth
Now we turn to an analysis of the basic mechanisms of growth-
generating dynamics of the model incorporating both accumulation of
R&D and accumulation of human capital. In the words of Munroe-
Blum andMacKinnon (2009:10), ourmain task is to contribute to build-
ing of a shared platform of an innovation society that would provide a
sense of common purpose for private corporate sector — university
and government partnerships to address the main symptomatic
problem: bridge the gap between research and innovation. Taking into
304 E. Voyvoda, E. Yeldan / Economic Modelling 50 (2015) 298–309account the “partial excludability” property of “knowledge” leads, in the
absence of public intervention, to under-investment in the provision and
acquisition of new technologies. Since the framework employed here
aims at enhancing the complementarity between human capital and
the R&D activities, and the externalities associated with the accumula-
tion of both, we first explore the basic mechanisms of “correcting” the
“market failures” toward superior outcomes.
4.1. Effects of human capital and R&D promoting policies
First, we focus on the basicmechanisms of growth generating dynam-
ics of themodel by investigating two key policy instruments. Each instru-
ment is designed to enhance growth via stimulating the accumulation
process of factors affecting the growth rate of the economy each period.
Specifically, we study subsidization of education (subsidy on the buildup
of human capital through skill-accumulation function via sH) and contrast
it with subsidization of the R&D activities (subsidy on the input costs to
R&D via sR). The first policy experiment is designed to analyze the house-
holds' response to allocate human capital among different sectors and ac-
tivities in the economy under the conditions of increased reward to
education activities. Since the instrument, sH, enters into representative
household's intertemporal maximization problem, we shall observe the
effects on the derivation of the future wages both in the final goods and
the R&D sectors of the economy and the trade-offs embedded. The
other policy instrument analyzed at this stage is designed to promote
R&D activities. It is implemented through the addition of an ad valorem
subsidy to the input cost of the production of new R&D.
In order to set up an environment to “suitably” compare and contrast
both the short-run and the long-run effects of alternative subsidy
schemes, we fix the total subsidy financing to an amount that would
correspond to 0.5% of the benchmark GDP in every period. For each sub-
sidy type we calculate the corresponding subsidy rate and document
the results as averages below. The burden of the cost of each targeted
policy is born as lump-sum expenditures from the government budget,
affecting public consumption under the current model closure.11
Table 3 documents both the short-run and the long-run comparisons
for a chosen set of variables under alternative scenarios.12 Figs. 1–7, in ad-
dition, display the transition dynamics for selected variables. At a first
glance, Table 3 reveals a general observation that education subsidy pro-
vides more favorable results with respect to steady-state growth rates,
both in terms of output and knowledge stock of the economy. Such a re-
sult, of course is related to changes in the ratio of total human capital to
total R&D (H/A), and therefore, allocation of human capital among differ-
ent sectors and activities in the economy. A subsidy to education, bidding
more human capital to skill-accumulation activities, leads to a higher
stock of human capital and lower stock of R&D, compared to both the
benchmark and the R&D subsidy scenario. The long-run equilibrium
under this instrument is achieved at a H/A ratio 2.9% higher than the
benchmark, and 22.0% higher than the R&D subsidy cases. Likewise,
under the human capital subsidy scheme, share of education in the alloca-
tion of human capital is 19.0%; under R&D subsidy scheme it drops to
7.8%. Concomitantly, the share of R&D sector in the allocation of total
human capital is 28.9% under education subsidy and it increases to
33.6% under R&D subsidy.
On the other hand, taking into account the transition dynamics, one
could observe interesting trade-offs of the adjustment processes. First,
we see that the education subsidy induces relatively large re-11 Here, we report the total government revenues raised under alternative subsidy
schemes and the portion left after the budgeting of alternative subsidy programs; which
we refer as “government consumption” . Hence,we are able to explicitly follow the impact
of differentiated transition dynamics on the public sector accounts. We repeat each sce-
nario under which the “government consumption” raised is provided as lump-sum trans-
fers to agents that represent welfare programs.
12 The upper panel of Table 3 provides the steady state implications of each scenario
while the lower panel illustrates two points referring to immediate andmedium-term re-
sponses (of selected variables) during the transition phase.allocation effects on primary resources, the greater part of the adjust-
ment occurs during the initial periods. Immediately, the human capital
allocated to education increases by 49.5%. After this initial swing, com-
pared to the benchmark, the adjustment dynamics reveal an average in-
crease of 10.9% for this variable, over the medium-term. Thus, although
education subsidy displays higher growth rates with respect to bench-
mark and R&D subsidy scenarios at the steady state, it initially creates
a large negative effect on the growth path of the economy. Such obser-
vation is basically due to the allocation of human capital away from
marketed activities, and seems to take quite long time to be recovered.
The impacts of slow convergence to the steady state under education
subsidy is also apparent in the dynamics of output (Fig. 3) and consump-
tion (Fig. 7). Growth rate of the economy under education subsidy is ob-
served to recover only slowly and the effects of the initial negative swing
of consumption appears to dominate the long transition period. Then
again, as the long run dynamics settle, the higher steady state growth
rate under education subsidy eventually takes over. In summary, the ed-
ucation subsidy scheme, promises a higher long-run growth rate, yet its
transition path displays notably negative effects for the current genera-
tions as also revealed by the variables corresponding to welfare (con-
sumption, saving utility index) in Table 3.
The education subsidy in themodel is represented by a direct trans-
fer of income from the government budget to the human capital accu-
mulation activity. An announcement of subsidy to human capital
accumulation activity basically drives resources away from the R&D ac-
tivity, leaving the amount allocated to final goods sector only slightly
lower. As a result, the accumulation of human capital in the economy
continues at a higher pace than the accumulation of R&D (Figs. 1, 2).
The output growth, which is dependent on both the accumulation of
R&D and the human capital allocated to final goods sector is adversely
affected. Although the rate of growth of GDP quickly bounces back,
the immediate negative effect of bidding resources away from the
other sectors of the economy is felt during a long transition period.
On the other hand, the announcement of an R&D subsidy as
reflected in the reduction of cost of input (wage of human capital, wH)
employed by the producers of R&D, advances the R&D sector to pull pri-
mary resources away from the other sectors of the economy. Under
such an instrument, the demand for R&D activities is increased to a
higher steady-state level, compared to the benchmark and the educa-
tion subsidy scenarios. On the other hand, total human capital levels
are lower under this scenario. As a result, the steady state human
capital — R&D ratio under this policy is substantially lower than both
the benchmark (15.6%) and the education subsidy policy (18.0%).
As the R&D production cost is reduced by the subsidy, the stream of
monopoly rents, acquired from the property rights of the blueprints in-
creases. Such an increase stimulates further incentives for the production
of capital, as new firms are attracted by increased profits. So, the subsidy
to the cost of R&D production pulls down the price of R&D and begins to
encourage an upward shift in the demand for differentiated capital (new
information technologies) production sector, leading to higher level of
production of differentiated capital in the economy, both during late-
transition and at the steady state (See Table 3 and Fig. 4). It is partially
due to this stimulation of the activity in the final goods sector that
keeps the wage rate of human capital higher under this scenario.
Fig. 3 displays real GDP under alternative subsidy schemes. The ini-
tial negative effect of the education subsidy on the productive sectors
keeps such a subsidy plan at a lower path compared to base-run and
the path under R&D subsidy. Although the growth rate recovers in the
long-run, the GDP and consumption paths under education subsidy
are much less favorable for the current generations. On the other
hand, the R&D subsidy scheme creates a more direct effect in terms of
the allocation of resources in the economy, leading to a higher average
growth rate during transition toward the new steady state. It is because
of the differences in the growth dynamics of the economy under differ-
ent scenarios that leads to differentiated burden for current and future
generations of the same amount of subsidy as a ratio to GDP.
Table 3
Effects of different subsidy schemes in the short-run and in the long-run.
Steady-state implications (Average 6.67 % points) (Average 4.25 % points) (Average 4.19 % points) (Avg. 2.60 % sub. human
cap. & avg. 3.66 sub. R&D)
Benchmark Subsidizing human cap. Subsidizing R&D Investment subsidy Optimal subsidy scheme
gy (%) 3.000 3.049 2.998 3.000 3.050
gA (%) 2.080 2.114 2.078 2.079 2.115
gPA (%) 0.901 0.916 0.903 0.901 0.902
Growth rate of total differentiated capital (%) 3.000 3.049 2.998 3.000 3.050
H/A 1.024 1.053 0.864 1.024 0.889
uy (%) 53.2 52.1 58.6 53.2 57.8
uA (%) 29.2 28.9 33.6 29.2 33.1
uE (%) 17.6 19.0 7.8 17.6 9.1
Utility (% deviation from benchmark)a 0.061 0.053 0.059 0.075
Transition Implications Subsidizing human cap. Subsidizing R&D Investment subsidy Optimal subsidy scheme
% Deviation from benchmark Immediate Medium run Immediate Medium run Immediate Medium run Immediate Medium run
GDP −6.873 0.992 2.123 1.038 3.723 1.032 1.884 1.026
Private income −6.646 −0.291 2.219 3.772 3.865 3.243 2.094 2.791
Private consumption 0.121 −0.324 1.004 3.843 0.228 3.920 0.909 2.856
Private saving −14.248 −0.309 5.678 3.510 6.251 1.184 4.943 2.529
Total R&D (A) −1.434 −0.402 0.945 3.898 0.700 −0.282 0.864 2.713
Total human Cap. (H) 0.495 2.590 −0.288 −4.250 −0.248 −0.379 −0.264 −2.880
Price of R&D (PA) 0.517 −1.393 −2.766 −0.762 0.091 3.378 −1.982 −0.957
Human capital alloc. to educ.(HH) 61.178 10.888 −31.430 −27.937 −21.133 −0.381 −25.235 −21.604
Human capital alloc. to R&D (HA) −33.584 1.473 20.296 3.387 10.619 −0.553 16.314 3.299
Human capital alloc. to final goods (HY) −0.864 0.455 −1.293 −0.602 0.695 −0.283 −1.109 −0.074
Government revenues −2.088 −0.664 0.614 3.495 1.490 3.261 0.609 2.476
Government consumption −4.426 −3.002 −1.724 1.157 −0.848 0.924 −1.729 0.138
Utility (welfare index) 0.003 −0.048 0.077 0.168 0.033 0.176 0.066 0.177

























Fig. 1. Total human capital under different subsidy schemes (w.r.t. base run).
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Observing the importance of the accumulation of differentiated cap-
ital both on the generation of transition dynamics and on the steady
state path of the economy, we also shortly analyze promoting growth
through a subsidy to employers of differentiated capital. In this experi-
ment, we lower the marginal cost of differentiated capital in terms of
final goods allocated to transforming R&D to a productive technology.
Such a subsidy is expected to provide incentives to increase the demand
for differentiated capital, which in turnwould have a stimulus on the ac-
cumulation of capital stock and the R&D stock of the economy.
Note that in such an environment the mechanism of re-allocation of
resources in the economy is different from either the education subsidy
or the R&D subsidy scenarios. In case of education or R&D subsidy, the
subsidized sector pulls the resources away from the other activities in
the economy. In case of subsidy to the cost of differentiated capital, on
the other hand, the direct beneficiary is the final goods sector. The de-
mand for factors of production in the final good sector increases. Thus,
during the transition period, growth is primarily achieved both by the in-
creased production of each of the existing capital variety and also by the
increased number of varieties (see Eq. (9)). Such dynamics is noticeable
in the rising level of human capital allocated both to final goods and to
the R&D production sectors. However, throughout the further stages of
transition, because now total human capital accumulated through educa-
tion is lower, the levels of human capital allocated to each sector display a
lowered trend compared to the education subsidy scenario and the
benchmark.13 In the long run, aggregate human capital accumulation re-
mains slightly below the benchmark.
Nonetheless, the reduced cost of differentiated capital helps the econ-
omy to support a higher level of production, consumption and saving, due13 It is mainly because of this level effect of the decreased human capital production in the
economy thatwe observe the initial demand-pull effect of thefinal goods sector on R&Dpro-







































Fig. 4. Total differentiated capital under different subsidy schemes (w.r.t. base run).
306 E. Voyvoda, E. Yeldan / Economic Modelling 50 (2015) 298–309to amuch favorable environment in terms of the returns to factors of pro-
duction and the private household income. Such an elevated path during
long transition turns out to be the main reason why, compared to the
benchmark case, steady state welfare implications of this policy is higher.
4.3. Dynamics of adjustment under education, R&D and differentiated
capital subsidy scenarios
The working of different adjustment mechanisms through the tran-
sition path, under alternative policy scenarios are most visible in the
price of human capital as a factor of production (wH) and the price of














Fig. 5. Price of R&D under different subsidy schemes (w.r.t. base run).variables over periods 1–30. In order to present the background for
the calculations of the welfare index, Fig. 7 displays the private con-
sumption dynamics over the same period.
As the education subsidy bids the human capital toward the skill accu-
mulation activity, the market price of the human capital as well as the
price of R&Dare initially highest for this scenario. Ashuman capital supply
increases, it turns out that the returns to human capital as well as returns
to R&D take the lowest values. As subsidy to differentiated capital creates
higher demand for R&D and subsidization of the human capital in the
R&D sector creates higher demand for human capital in R&D, the price
of R&D increases the highest under thefirst and theprice of human capital
gets the highest under the second scenarios, throughout the transition
(see Table 3).
We find that under education subsidy scenario, the welfare index
changes sign during the course of adjustment toward steady state. The
negative effect of significantly lower production, income and consump-
tion throughout the transition period becomes more pronounced as the
economy moves toward the new steady state (Fig. 7). On the other
hand, the R&D subsidy scheme provides a higher level of consumption
right away, during transition and is able to provide higher level of con-
sumption relative to the benchmark reaching to the new steady state.
We also find that, under the capital accumulation subsidy scheme, the
immediate impact of increased saving is transformed into a higher con-
sumption path through the transition.4.4. Optimal subsidy structure
Given that the model structure incorporates a set of market failures/
externalities associated with both the accumulation of human capital
and R&D, one evident question points to the optimal subsidy structure.14
Here, given the structure of the public revenue raising policy instruments
as implemented under the fixed ratio of 0.5% of benchmark GDP, we
search for the welfare maximizing combination of education and R&D
subsidies. We report the corresponding values of the selected variables
and the welfare results under the “Optimal Subsidy” column in Table 3
and Figs. 1–7. Fig. A-1 in Appendix A also illustrates the outcome of a
search algorithm that reports the maximum welfare (as % deviations
from benchmark) for each (sH, sR) pair.
The optimal subsidy scheme is associated with a human capital level
marginally higher than the R&D subsidy scheme and lower than the edu-
cation subsidy policy. Therefore, theH/A at the steady state is attained at a
level higher than the first and lower than the second (Table 3, Figs. 1–2).
Through both types of subsidies, the output, final income and consump-
tion are stimulated, albeit rather slowly. Under the optimal subsidy14 We thank to the anonymous referee for bringing up the discussion on the optimal de-
















Fig. 7. Private consumption under different subsidy schemes (w.r.t. base run).
307E. Voyvoda, E. Yeldan / Economic Modelling 50 (2015) 298–309structure, the economypasses through the long transitionwith a compar-
atively low price for R&D and a comparatively high price for human cap-
ital and a stable growth path for total differentiated capital. The steady
state is achievedwith an output growth rate of 3.05% and the correspond-
ing welfare effect is the highest despite the long adjustment of consump-
tion during the transition period.
Though in a particularly different framework, Grossman (2007) also
emphasizes strong reallocation effects for human capital under different
subsidy schemes. In an economic environment where R&D production
is based on skills, he shows that higher R&D subsidies imply higher de-
mand for skilled labor, more people choose to acquire skills and for a
given government budget the quality of skilled labor decreases.
Grossman, emphasizing such effect of R&D subsidies concludes that a
public education program aiming at science and engineering skills en-
hancement is associated with higher long-run growth. In a recent paper,
Gomez and Sequeira (2013), present a model similar to ours with R&D,
human capital and physical capital calibrated to US economy and bring
forward the question of R&D subsidization policy. In a model with com-
prehensive R&D externalities, their analyses imply that R&D subsidies
are most welfare increasing when the main target is to keep the
intertemporal budget balance. They also find that the most long-run
growth improving policy is to increase subsidy to education. Our results
are comparable to this set of references with its emphasis on the trade-
off effects in the allocation of resources and the rich environment offered
by the transition dynamics. As we have observed, the transition paths
followed fluctuations and abrupt swings in response to the policy inter-
ventionsmodeled, and this calls for further efforts to devise anoptimal se-
quencing and implementation. Initial steps of such an endeavor have
been studied by Grossman et al. (2013) implying strong policy effects.
5. Conclusion
In this paper we investigated alternative public policy intervention
schemes within the context of an applied endogenous growth model
with human and knowledge capital accumulation. Utilizing data from
the Canadian economy, we first studied subsidization of the build-up of
human capital through education against subsidization of the R&D activ-
ities. Such instruments are basically designed to enhance growth via stim-
ulating processes of factor accumulation along with internalization of
external economies associated with the “public good” characteristics of
knowledge and technological innovation. A subsidy to education affects
the household's response to allocate human capital among different sec-
tors/activities. A subsidy to R&D, on the other hand, drives the primary re-
sources toward the R&D sector, by offering a higher (subsidized) return.
Our simulation results reveal long-lasting effects and non-
conventional trade-offs both across instruments and also across time pe-
riods. A subsidy to education, attracting human capital away frommarketed activities, produces an initial negative effect on the productive
(final good) sectors. Although the growth rate (and welfare) recovers in
the long-run steady state, the GDP and consumption paths under the ed-
ucation subsidy are much less favorable during transition, adversely af-
fecting the current generations. On the other hand, the R&D subsidy
scheme advances the R&D sector by pulling primary resources away
from the alternatives. The subsidy to the cost of R&D production stimu-
lates an upward shift in the production of differentiated capital as well
as the final goods sector in the economy. Thus, the R&D subsidy creates
amore direct effect in terms of the allocation of resources to themarketed
activities, leading to higher average growth rate during transition, toward
the new steady state. Higher level of output enables higher level of con-
sumption, both during transition and at the new steady-state, relative to
the benchmark.
We also find that under the education subsidy scenario the welfare
index changes sign during the course of adjustment, as the negative im-
pact of considerably lower production, income and consumption
throughout the transition becomes more pronounced as the economy
moves to the new steady state. Our results indicate the importance of tak-
ing into account the transition dynamics: a policy toward subsidizing the
(market-oriented) R&D definitely has important positive effects during
the (long) transition period, perhaps balancing for the lower long-run
equilibrium growth rate. Such trade-offs are also noticeable in the design
of the optimal subsidy scheme,which calls for a combination of education
and R&D subsidies. Here, too, the positive dynamics of the combined,
welfare-enhancing subsidy sets in after a long transition period.
Within the Canadian context, we believe that our results could sub-
stantially contribute to the ongoing debate over the “Canadian innova-
tion deficit”, which has been the main motivation of this study. Based
on the re-allocation effects triggered by the public subsidization policies
on higher education versus the industry/business R&D, our results cor-
roborate with the recent assessments that the Canadian economy may
be falling short of its potential in technological innovation and R&Dpro-
duction. Compared to other developed countries, Canada has lower and
decreasing total R&D expenditure and lower industry/business finance
and performance in R&D production, and stronger presence of higher
education in R&Dperformance. Coupledwith relatively lowhuman cap-
ital employment in industry/business R&D and relatively high human
capital employment in higher education, within the context of our
model, an implication would be lower (than potential) growth derived
from strong re-allocation effects. Our results suggest that Canadian pol-
icy makers could aim toward a policy mix with a strong emphasis on
subsidy to (direct) R&D with a moderated emphasis on the subsidies
to higher education to be able to have an optimal division of the
human capital among different sectors of the economy.
Lastly, from themodeling viewpoint, one issue is the extension of pos-
sible trade offs across leisure and work. In the context of this model this
would entail a trade off between educated personnel (human capital)
and leisure with the wage rate in human capital formation serving as
the opportunity cost. It ought to be recalled that our treatment of
human capital here is quite narrow, covering only the skilled technicians
and educated labor — “human capitalists to produce more human capital”.
In this narrow sense, we also find that extending possibilities of leisure
to this factor would add little realism at the cost of increased complexity
of the model, especially the characterization of the steady state paths.
However in more indepth and realistic depictions of the labor markets,
such an extension would definitely prove worthwhile to pursue.
Appendix A
A.1. The data and the calibration strategy
Thedata related to the initial period's equilibrium are drawn primar-
ily from theHRSD-Canada data set for the year 2003. As the HRSDC data
are originally in the form of annual flow values and primarily compiled
for the purpose of static general equilibrium analyses, they need to be
Table A-1
Pre-assumed and calibrated values of structural parameters.
Share of human capital in final good value added, αH 0.232
Share of plain labor in final good value added, αL 0.300
Share of rental value of differentiated capital in final good value added, αK 0.468
R&D Production productivity parameter, φ 0.0695
Productivity of schooling in human capital formation, ξ 0.0296
Productivity of learning via knowledge and varieties, γ 0.0157
Share of past human capital in human capital formation, ϵ 0.6956
Value of input output coefficient to produce unit capital variety, η 9.3619
Share of human capital allocated to final good production, HYH ðuY Þ 0.5317
Share of human capital allocated to R&D production, HAH ðuAÞ 0.2922
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path, namely, physical and human capital stock, technological knowl-
edge stock, R&D expenditures, growth rate(s), interest rate, and the dis-
count rate in the intertemporal utility function.
The intertemporal elasticity of substitution, 1/σ, in the household util-
ity function is chosen in the range estimated by Hall (1988). The rate of
time preference, ρ, is taken from Lucas (1988). The average long run
growth rate of the economy, gY, taken to be 3.0%, matches the data on
the long-run growth path of the Canadian economy. The initial steady
state growth rate for human capital, hence for R&D thereby, is solved in
accordance with the steady state rate of growth of the economy and the
shares of human and physical capital in the value added of the final out-
put, αH and αk. The initial interest rate, r0 then has to be calculated in a
way consistent with the choices of σ, ρ, and gA(0).15 We further assume
that the depreciation rate of capital varieties is zero.
Detailed data on Canadian Labor Force of the Statistics Canada, togeth-
er with the data on total R&D personnel16 is compiled to adjust the orig-
inal HRSDC data for different labor input categories. Accordingly, R&D
personnel in Higher Education and Government sectors with MS and
PhD degrees in Science and Engineering and Social Science together
with the MS and PhD students in Science and Engineering are assumed
to form the basis for the share of human capital in education, uH
(17.6%). The rest of the R&D personnel in Industry/Business and Govern-
ment are considered to be at the basis for the estimation of the share of
human capital in R&D production, uA (29.2%). The rest of the (employed)
Science and Engineering and Social Science graduates with MS degrees
and higher are assumed to be employed in the final goods sector, uY
(53.2%). Given the total employment figure for the Canadian economy
for 2003, we assume that the rest of the labor force is employed under
the category of plain labor, L in the model.17
Data on total returns to capital as a factor of production in the bench-
mark are provided by the HRSDC database. We distinguish the returns
to the differentiated capital from the returns to labor resource based
on these data. This task is accomplished under the calibration restric-
tions imposed by the model. For the purpose of calibration, we normal-
ize the ratio of (index of) initial stock of human capital to the (index of)
initial stock of R&D, H/A to 1.
To ensure the existence of a balanced growth path, we calibrate αk,
αH price of R&D, PA and the growth rate of R&D, gA(0) = ΔA0/A0 simul-
taneously, depending on Eqs. (26), (27) and (28):
Under the steady state we know that rSS ¼ gPA þ ΠSSP A . Now, recall the
GDP identity from Eq. (26):





Using the the no-arbitrage equation we have ð1þ gPAðtÞÞ ¼ 1þrtþ1
1þΠtþ1PAtþ1
.
Thus, under the steady state equilibrium the national income identity
satisfies,







 15 As in static applied GEmodels, where calibration is based on the assumption that data
reflect an economy in equilibrium, we assume that the benchmark data depict an initial
steady state growth path. This steady-state assumption for the benchmark data is widely
used in applied intertemporal general equilibrium models. For example, Goulder and
Summers (1989), Mercenier and Yeldan (1997), and Diao et al (1999).
16 Science Statistics, May 2008.
17 Such an assumption, of course, classifies for instance, BA graduates under plain labor
category, L in the model. Therefore, the share of plain labor in the final good value added,
αL is estimated to be around 30.0%, a value higher thanwhat is usually set for the Canadian
economy (Sturgill, 2009).or equivalently,
1−αkð Þ GDP−wLLY−wH HY þ HA
 h i




Using Eq. (26) and (29) together,
1−αkð Þαk GDP−PAΔA
h i




Using the fact that gPA and gA are related via Eq. (28) in discrete time
as ð1þ gPAÞ ¼ ð1þ gAÞ
αH
1−αk , and recalling that we have ΔA0/A0 = gA, this
information will allow us to utilize the following relationship for cali-
brating PA and αk:
1−αkð Þαk GDP−gAPA
h i




The second simultaneous relationship between PA andαk is obtained
from the savings— investment equilibrium condition. Using this condi-
tion together with Eq. (14) and making note of the fact that ΔA/A= gA,
we have
S ¼ r η gA kþ r η Δkþ P AgA:
Since, from the optimal pricing rule of the monopolist (Eq. (10)) r ¼
αkpk
η , the saving— investment equilibrium can be re-written as
S ¼ αk g







Table A-1 presents the initial levels of selected variables and param-
eters obtained from sources other than the main data base or from this
calibration process.
We read the values of S, wages paid to human capital in the produc-
tion of the final good, and the value added of Y from data. For, calibra-
tion, we set the initial values of uA, uH, and uY in accordance with the
data. Using the F.O.C. in the R&D production, with wH given, we have
φ = wH/PA. Eqs. (5) and (19) together with the information that at the
steady state, gA = gH, help one to solve for ξ, γ and ϵ.Share of human capital allocated to human capital formation, HHH ðuHÞ 0.1761
Value of R&D sector as a ratio to GDP, PAΔAGDP 0.109
Ratio of aggregate savings to GDP, SAVGDP 0.229
Share of oligopolistic profits in GDP, ΠGDP 0.214
Inverse of intertemporal elasticity of substitution for the consumer, σ 1.0001
Subjective discount rate, ρ 0.023
Income tax rate, ty 0.092
Sales tax rate on consumption good, tc 0.046
Armingtonian elasticity of substitution between M and DC, εCC 3.000
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Fig. A-1.Welfare maximization under alternative subsidy combinations (w.r.t. base run).





¼ 1þ gc: ð33Þ
Thus growth in final good becomes gY= gc. The rest of the system is
calibrated using standard methods of applied general equilibrium.
A.2. Searching for optimal subsidy structure
Fig. A-1 implies that, under the budgetary restriction for the total
amount of subsidies, the welfare of current and future generations in-
creases with amovement from a pure R&D subsidy policy to a combina-
tion of R&D subsidy (SR = 3.7 %) and education subsidy (SH = 2.6 %).
Yet, such an effect does not follow a steady path: the welfare effect is
the lowest when the education and the R&D subsidy rates change to
be very close to each other (SR = 2.7 % and sH = 2.8 %).18 Under such
a mix of policy tools, the growth and welfare augmenting effects of
both subsidies tend to offset each other. The figure also demonstrates
the anatomy of the slightly higher welfare index associated with the
pure education subsidy policy compared to thepure R&Dsubsidy policy.
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